• 



1/12 



FIG. 1(a) 



UPPER ELECTRODE LAYER 
PERMAMENT MAGNET FILM: 8 7 8 : PERMAMENT MAGNET F I LM 

OR ANT I -FERROMAGNETIC / / (OR ANT I -FERROMAGNET I C 

THIN FILM \ \ \ THIN FILM 



INSULATION: 12 
LAYER 

ANT I -FERROMAGNET 1 0:2 
LAYER 

UNDERLAYER:! 





6: SECOND MAGNETIC 
THIN FILM 

5: TUNNEL BARRIER LAYER 

4:FIRST MAGNETIC 
THIN FILM 

12: INSULATION LAYER 

9: LOWER ELECTRODE 

LAYER ~ 
10:SUBSTRATE 



FIG. Kb) 



UPPER ELECTRODE LAYER:? 

TUNNEL BARRIER:5- 
LAYER 



SECOND MAGNETIC: 
THIN FILM 

PERMAMENT MAGNET: 
FILM OR ANTI- 
FERROMAGNETIC 
THIN FILM ^2 

INSULATION LAYER 




2 : ANT I -FERROMAGNET I C LAYER 




4: FIRST MAGNETIC 
THIN FILM 

12: INSULATION LAYER 

8: PERMAMENT MAGNET 
FILM OR ANTI- 
FERROMAGNETIC 
THIN FILM 
9 : LOWER ELECTRODE 
LAYER 

10:SUBSTRATE 



1: UNDERLAYER 



2/12 



FIG. 2(a) 



UPPER ELECTRODE LAYER 

PERMANENT MAGNET FILM: 8 7 8 : PERMANENT MAGNET F I LM 

?R.i'^I!rl!^'^'^°**'^^NETIG ( / (OR ANT I -FERROMAGNETIC 

THIN FILM \ V \ THIN FILM 



INSULATION LAYER: 12 




THIRD MAGNETIC THIN FILM:3A 
ANTI-FERR0MAGNETIC:2 



LAYER 



UNDERLAYER:! 




6:SEC0ND MAGNETIC THIN FILM 
5: TUNNEL BARRIER LAYER 

4:FIRST MAGNETIC THIN FILM 

3C: FOURTH MAGNETIC THIN 
FILM 

3B: NON-MAGNETIC THIN 
FILM 

12: INSULATION LAYER 

9: LOWER ELECTRODE 

LAYER 
10:SUBSTRATE 



FIG. 2(b) 



UPPER ELECTRODE LAYER:? 



INSULATION LAYER: 12 

TUNNEL BARRIER LAYER: 5 
SECOND MAGNETIC THIN FILM :6 




PERMANENT MAGNET FILM 
OR ANT I -FERROMAGNETIC 
THIN FILM 



1: UNDERLAYER 



2 : ANT I -FERROMAGNET I C LAYER 



3A:THIRD MAGNETIC THIN FILM 
3B: NON-MAGNETIC THIN FILM 

3C: FOURTH MAGNETIC THIN 
FILM 

4:FIRST MAGNETIC THIN FILM 
12: INSULATION LAYER 

8: PERMANENT MAGNET 
FILM OR ANTI- 
FERRONAGNETIC 
THIN FILM 

9: LOWER ELECTRODE 
LAYER 

-10: SUBSTRATE 



3/12 




4/12 

FIG. 4(a) 




5/12 



FIG. 5(a) 



INTRODUCTION OF OXYGEN 
1^ ^ 1^ 
1:UNDERLAYER ' > 

9: LOWER ELECTRODE LAYER 



10: SUBSTRATE 



FIG. 5(c) 

INTRODUCTION OF OXYGEN OR NITROGEN 
OR INTRODUCTION OF OXYGEN OR 
NITROGEN RADICAL 

IXJ y 



5: TUNNEL BARRIER LAYER 
4:FIRST MAGNETIC THIN FILM 



30: FOURTH MAGNETIC THIN FILM 



3B:N0N"MAGNETIC THIN 


FILM 


ti;fli!H;ui.',^Tci?airfii 


IN 


FILM 


2:ANTI-FERR0MAGNET 


0 



THIN FILM 



1:UNDERLAYER 
9: LOWER ELECTRODE LAYER 




FIG. 5(b) 



Ad. Ta. OR Mg 

3B: NON-MAGNETIC THIN FILM 

3B: THIRD MAGNETIC THIN FILM 

2: ANT I -FERROMAGNETIC 
THIN FILM 

tUNDERLAYER 

9: LOWER ELECTRODE LAYER 



10: SUBSTRATE 



FIG. 5(d) 



7: UPPER ELECTRODE LAYER 
6: SECOND MAGNETIC THIN FILM 

5: TUNNEL BARRIER LAYER 
4:FIRST MAGNETIC THIN FILM 
3C: FOURTH MAGNETIC THIN FIL M 
3B: NON-MAGNETIC THIN FiTF 
3B: THIRD MAGNETIC THIN FILM 

2: ANT I -FERROMAGNETIC 
THIN FILM 

1:UNDERLAYER 
9: LOWER ELECTRODE LAYER 



10: SUBSTRATE 



10: SUBSTRATE 



6/12 



w 

S; 

lU 



csj 
UJ 

o 

GO 
LU 
OC 

O 

I— 
C5 



FIG. 6 



i 1000 



100" 



10-- 



1 -- 



• SURFACE UNEVENMESS OF 0. 1 A 
■ SURFACE UNEVENNESS OF 1 A 
A SURFACE UNEVENNESS OF 3 A 
O SURFACE UNEVENNESS OF 5 A 
V SURFACE UNEVENNESS OF 10A 



O 
V 



+ 



+ 



4 8 12 16 

TUNNEL BARRIER LAYER THICKNESS (ANGSTROMS) 



20 



o 



o 

LU 



CO 

oo 

LU 
0£ 



40 



FIG. 7 



2 30" 



• SURFACE UNEVENNESS OF 0. 1 A 
■ SURFACE UNEVENNESS OF 1 A 
A SURFACE UNEVENNESS OF 3 A 
O SURFACE UNEVENNESS OF 5 A 
V SURFACE UNEVENNESS OF 10 A 



20" 



10-- 



1 \ 1 1 

4 8 12 16 20 

TUNNEL BARRIER LAYER THICKNESS (ANGSTROMS) 



7/12 



FIG. 8 



40 



30-- 



• SURFACE UNEVENNESS OF 0. 1 A 
■ SURFACE UNEVENNESS OF 1 A 
A SURFACE UNEVENNESS OF 3 A 
O SURFACE UNEVENNESS OF 5 A 
V SURFACE UNEVENNESS OF 10 A 



20-- 



10 



+ 



\ \ h 

2 4.6 8 

JUNCTION RESISTANCE (Q/um^) 



FIG. 9 



CO 
CO 



CD 



O 



a: 

CO 



C9 



10-- 
8-- 
6 
4 

2. 



OXYGEN O NITROGEN 
HYDROGEN 




10-10 10-9 10-8 10-7 10-6 
PARTIAL PRESSURE OF INTRODUCED GAS 



10 



8/12 



FIG. 10 



A Ta UNDERLAYER ■ Hf UNDERLAYER 
OZr UNDERLAYER • Ti UNDERLAYER 




10-10 10-8 10-6 10-4 10-2 10-0 



PARTIAL PRESSURE OF OXYGEN 
DURING UNDERLAYER OX I DAT I ON (Tor r) 



FIG. 1 1 



40 



^ 30 



A Ta UNDERLAYER 
OZr UNDERLAYER 



20-- 



10-- 



□ Hf UNDERLAYER 
o Ti UNDERLAYER 




4- 



+ 



\ — 

10-10 10-8 10-6 10-4 10-2 

PARTIAL PRESSURE OF OXYGEN 
DURING UNDERLAYER OX I DAT ION (Tor r) 



10-0 



9/12 



FIG. 12 




FIG. 13 




4 8 12 16 20 

NON-MAGNETIC LAYER THICKNESS (A) 



10/12 



FIG. 14 



o 
I— 

<C ■ 

o:: 

LU 
CD 

o 

LLI 

o 

<c 
I— 

CO 

UJ 

cr: 



25- 
20- 
15-- 
10-- 
5-- 

0 



. O 



4- 



y V 



A Al-Ox 
• Ta-Ox 
■ Al-Nx 
O MgOx 
V SiOx 



4 8 12 16 

TUNNEL BARRIER LAYER THICKNESS (A) 



20 



FIG. 15 




BOUNDARY INSERTION THICKNESS (A) 



4 



11/12 



FIG. 16 



15:UPPER SHIELD 




11: SPIN TUNNEL MAGNETORES I ST I VE 
■ EFFECT FILM 



PERMANENT MAGNET FILM OR 
ANT I -FERROMAGNETIC THIN FILM: 8 



INSULATION LAYER :1 2 



8: PERMANENT MAGNET FILM OR 
ANT I -FERROMAGNETIC THIN FILM 



12: INSULATION LAYER 



19 



14:L0WER SHIELD 



FIG. 17 



18:FERRITE SUBSTRATE 



16:Y0KE 




12 

GROOVE (GLASS) 



SPIN TUNNEL 
MAGNETORES I STIVE 
EFFECT FILM 

li 

UPPER ELECTRODE' 
LAYER 



16:Y0KE 




•13: UPPER ELECTRODE 
LAYER 



t It 



12/12 



FIG. 18(a) FIG. 18(b) 




102 



101 



